HDA0691  ?8 


Annual  Progress  Report 
February  1979 

(June  1977  - February  1978) 


Edward  Balish,  Ph.D 


Supported  By 

U.S.  Army  Medical  Research  and  Development  Command 
Fort  Detrick,  Frederick,  Maryland  21701 


Contract  No.  DAMD  17-75-C-5004 


University  of  Wisconsin  Hospitals 


Madison,  Wisconsin  53706 


Approved  for  Public  Release:  Distribution  Unlimited 


The  findings  In  this  report  are  not  to  be  construed 
as  an  official  Department  of  the  Army  position  unless 
so  designated  by  other  authorized  documents. 


SECURITY  CLASSIFICATION 


REPORT  DOCUMENTATION  PAGE 


. GOVT  ACCESSION  I 


READ  INSTRUCTIONS 
BEFORE  COMPLETING  FORM 
(ORIENT'S  CATALOG  NUMREN 


TITLE  fm  MMSil 

Acquired  Immunity  to  Pathogenic  Fungi 
In  Gnotoblotlc  Animals,  . .. 


Edward/BallshZ  Ph.D. 


Annual  /rogress  feymt. 
'iJuna  »77-Febmr  »78 


IS  > DAMQ^7-75-C-£ 


s.  wsromms  organisation  name  ano  address 

University  of  Wisconsin  Hospitals  / 
Madison,  Wisconsin  53706 

• I.  CONTRW.LINO  ORTtCE  NAME  ANO  AOORESS 


U.S.  ARMY  MEDICAL  RESEARCH  AND  DEVELOPMENT V 

COMMAND,  FORT  DETRICK,  FREDERICK,  MARYLAND  21701 


Mjh- finnpA — -.USE 

>:  A.  3M161102BSfllloO.OO3 

77  ^Rgaat  new -7 

I.L ' Feb*mmw»79  / 


Irmm  CwNwIltas  Offlc)  I IS.  SECURITY  CLASS.  (•!  Ma  mrmO 


10^)22  p* 


Unclassified 


IRUTIOM  STAY 


Approved  for  public  release;  distribution  unlimited 


1 17.  DISTRIBUTION  STATEMENT  (U  A,  < 


I IS.  SUPPLEMENTARY  NOTES 


Dermatophytes 
Germfree  guinea  pigs 
Acquired-Immunity 


wring  primary  T.  mentaqrophytes  Infection  of  Strain  2 guinea  pigs,  the 
colony  forming  un1ts“(CFU)  of  fungi  Tn  the  lesion  peaked  between  days  7 and  14, 
while  the  lesion  severity  peaked  between  days  11  and  16.  Concomitant  with  the 
latter  peak,  a pronounced  depression  In  the  In  vitro  mitogenic  activity  of 
spleen  (SPC)  and  lymph  node  cells  (LNC)  was  oEsirveJ.  Only  after  resolution  of 
the  primary  Infection  (d«y  21)  did  LNC  show  Increased  ONA  synthesis  In  the 
presence  of  fungal  antigens.  During  cutaneous  reinfection,  there  was  no 
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. (Continued) 

Istlnct  peak  fungal  load  and  CFU  appeared  to  decrease  steadily  during  the 
accelerated  course  of  a reinfection  disease.  Lymph  node  cells  from  guinea  pigs 
1th  severe,  ulcerated  reinfection  lesions  generally  exhibited  a heightened 
esponse  to  fungal  antigen  In  vltro^  The  LNC  from  guinea  pigs  with  mild  relnfec- 
lon  derma tophytos Is  had  depressed  TV vitro  reactivity  to  mitogens  and  dermato- 
hyte  antigen.  The  suppression  of  bias  to gen 1c  activity  during  dermatophyte 
nfectlon  appeared  to  be  associated  with  autologous  serum  (AS)  components  since 
ncreased  DMA  synthesis  resulted  when  SRC  or  LNC  were  cultured  with  fetal  calf 
rum  (FCS).  The  depressed  in  vitro  DNA synthesis  of  lymphocytes  (cultured  with 
rmatophyte  antigens)  that  were  harvested  during  reinfection  did  not  correlate 
th  an  Impaired  ability  of  Infected  gulnqf  pigs  to  respond  with  a delayed-type 
rsensltlvlty  (DTH)  skin  test  In  vivo.  These  results  support  the  hypothesis 
t experimental  T.  mentagrophytes  Henna tophytos Is  Is  a cell -mediated  hyper- 
sensitivity disease  that  can  be  modified  by  Immunosuppressive  control  mechanisms 
Elaborated,  or  Induced  by,  the  fungus. 
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INTRODUCTION 

The  precise  role  of  cell -mediated  Immune  (CMI)  responses  In  host  resis- 
tance to  derma tophytosls  remains  poorly  understood.  Lesion  clearance  has  been 
Preced«<*  temporally  by  the  onset  of  delayed- type  hypersenslvlty 
(DTHJ  and  In  vitro  blastogenesls  of  regional  lymph  node  cells  to  specific 
fungal  antigens  (5,9).  Crulckshank,  Trotter  and  Wood  (3)  Induced  a secondary 
Inaoune  response  to  fungal  Infection  by  sensitization  of  guinea  pigs  with 
acetone-extracted  mycella  In  complete  Freund's  adjuvant  (CFA)  and  they  also 
adoptively  transferred  DTH  with  peritoneal  exudate  cells.  Recently,  Tagaml 
and  co-workers  (17,18)  have  shown  that  Trichophyton-Infected  guinea  pigs  and 
humans  manifest  contact  sensitivity  to  a trlchophytln  patch  test.  Despite  the 
association  of  these  CHI  responses  to  fungal  antigen  with  Infection,  the 
extent  to  which  hypersensitivity  mechanisms  alter  the  course  of  Infection  or 
disease  are  unknown. 

In  the  present  studies,  we  attempted  to  correlate  the  number  of  Infecting 
Jjfjjjl  I***0"  *tte  with  the  lii  vitro  blastogenlc  responses  of  spleen 

(SPC)  and  lymph  node  cells  (LNC)  to  polyclonal  mitogens  and  specific  dermato- 
phyte antigens  at  different  stages  of  primary  challenge  and  reinfection  of 
guinea  pigs  with  T.  mentagrophytes. 

MATERIALS  AND  METHODS 

Animals  and  Infection.  Randomly-bred,  closed  colony  Strain  2 guinea  pigs 
weighing  at  least  300  grams  were  shaved  on  the  back  with  electric  clippers  and 
Infected  with  a 2-3  week  old  mycelial  culture  of  Trichophyton  mentagrophytes 
var.  qranulosum  (ATCC  18748)  by  rubbing  the  organism  onto  the  skin  with  a 
cotton  swab.  At  weekly  Intervals  after  Infection  animals  were  selected  for 
sacrifice,  either  randomly  or  based  upon  skin  test  response,  to  obtain  skin 
samples  and  secondary  lymphoid  organs. 

Fungal  Emweratlon.  Animals  were  sacrificed  by  cardiac  puncture  and 
exsangul nation.  Square  centimeters  of  skin  (two/animal)  were  excised  from  the 
lesion  area  and  ground  In  Teflon/glass  tissue  homogenlzers  In  5 ml  sterile 
saline.  Homogenates  were  duplicate  plated  In  serial  ten-fold  dilutions  on 
agar  plates  modified  from  Carlisle  et  tK  (2).  Briefly,  the  growth  medium 
consisted  of  tycosel  agar  (B8L,  CocRysvIlle,  Md.),  36  g/llter,  15*  fetal  calf 
serwe  (FCS),  and  .02*  bromthymol  blue.  The  pH  of  the  medium  was  adjusted  to 
7. 6-7.8  with  IN  NaOH.  Colonies  were  counted  after  5-7  days  Incubation  at  room 
Umporaturo  and  reported  as  mean  colony  forming  units  (CFU/aT)  of  skin.  _ 

Trlchophytln  Antigens.  Cultures  of  T.  mentagrophytes  were  grown  at  25°C 
In  2 liter  flasks  containing  400-1000  ml  of  fluid  Sabouraud's  medium  (GIBCO, 
Grand  Island,  N.Y.).  Cultures  were  Incubated  on  a shaker  for  about  90  days 
prior  to  preparation  of  two  antigens  as  follows:  (1)  an  acetone-dried,  parti- 
culate antigen  (PART  A6)  was  prepared  by  dehydration  with  three  changes  of 
acetone  (3,13),  and  minding  the  harvested  cells  In  a mortar  and  pestal  to  a 
fine  powder;  and  (11)  a soluble  antigen  (SOL  Afi)  was  prepared  by  autoclaving 
(15  min,  121  C)  and  centrifuging  (*v350  x g,  10  min)  the  culture  supernatant. 
Antigen  protein  concentrations  were  estimated  by  the  method  of  Lowry  et  al_. 
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In  Vitro  Blastogenesls  Assays.  Cell  suspensions  were  made  from  the 
spleen  or  pool  of  lymph  nodes  (suprascapular,  axillary  and  cervical -tracheal) 
from  each  animal  by  gentle  teasing  and  passage  through  a 60-gauge  mesh  steel 
screen.  Cells  were  washed  twice  In  phosphate  buffered  saline  (PBS)  and 
resuspended  In  RPMI  1640  medium  (supplemented  with  penicillin  and  streptomycin) 
at  a concentration  of  2 x 10  /ml  with  10X  heat- Inactivated  autologous  serum 
(AS)  or  FCS.  Quadruplicate  wells  of  a microtiter  plate  (Falcon,  Oxnard, 

Calif.)  received  0.1  ml  of  cells  and  0.1  ml  of  specific  antigen  or  the 
following  mitogens  (diluted  In  RPMI  1640  medium):  phytohemagglutinin  M (PHA; 
Dlfco  Laboratories,  Detroit,  Mich.),  200-400  iig/ml ; concanavalln  A (Con A; 
Calblochem,  San  Diego,  Calif.),  20-100  ug/ml;  pokeweed  mitogen  (PWM;  Glbco, 
Grand  Island,  N.Y.),  50-100  yg/ml;  or  llpopolysaccharlde  H (LPS)  from  E.  coll 
(Dlfco)  500-1000  yg/ml.  Spleen  cells  and  lymph  node  cells  were  cultured  for 
96  hours  In  flat-bottomed  microtiter  plates  (Falcon,  Oxnard,  Calif.)  and  then 
pulsed  with  1 yCl  ['’H]  thymidine  (In  0.05  ml  of  RPMI  1640  medium)  for  an 
additional  18  hours.  Cells  were  harvested  by  precipitation  onto  glass  fiber 
filters  and  the  trapped  radioactivity  was  counted  In  a liquid  scintillation 
spectrometer  (Packard  Instrument  Co.,  Downers  Grove,  111.).  Blastogenlc 
responses  were  reported  as  mean  log1Q  for  the  concentration  of  antigen  or 
mitogen  causing  the  highest  stimulation  In  counts  per  minute  (cpm)  from  two 
or  three  concentrations  of  mitogen  or  antigen  used  In  each  assay. 

Skin  Testing.  Guinea  pigs  were  shaved  and  32  yg/ml  of  the  soluble 
trlchophytln  (SOL  A6),  In  0.1  ml  of  pyrogen-free  saline  (Elklns-SInn,  Cherry 
Hill,  H.J.),  was  Injected  Intradermally  (I.D.)  Into  the  flank.  The  diameter 
of  erythema.  In  mm,  was  measured  In  two  directions,  and  the  Induration 
(double  skin  thickness)  was  assessed  using  a Schnel 1 taster  (H.T.  Kroplln, 
Hessen,  Germany).  Measurements  were  made  at  30  min,  4,  24  and  48  hours,  but 
only  the  peak  24  hour  responses  are  reported. 

Statistical  Analysis.  Colony  forming  units  and  cpm  were  converted  to 
log1Q  values  prior  to  calculation  of  the  mean,  standard  deviation  (S.D.)  and 
staflaard  error  (S.E.).  Significant  differences  were  evaluated  by  a two- 
tailed  F-test  In  the  analysis  of  variance  (14). 


RESULTS 


The  Course  of  the  Dermatophyte  Lesion.  Following  Infection,  animals 
were  observed  dally  for  macroscopic  Inflammation,  tissue  damage  and  healing. 
Lesion  development  and  evolution  closely  resembled  previous  reports  of  experi- 
mental dermatophytosls  In  the  guinea  pig  (6,8). 

Primary  lesions  were  routinely  reproducible.  Lesion  areas  first  became 
evident  with  erythema  4-5  days  after  Initial  Infection  (Table  1).  The 
Intensity  of  the  erythema  and  the  lesion  size  Increased  until  day  9 when  the 
Inflamed  skin  became  covered  with  a flaky  scale.  Within  24-48  hours  the 
lesions  ulcerated,  often  with  serous  weeping.  Indicating  peak  tissue  damage. 
Within  24  hours  after  ulceration,  the  lesions  crusted  over  and  began  drying 
out.  Erythema  surrounding  the  lesions  gradually  subsided  prior  to  day  21  and 
drying  crusts  sloughed  off  leaving  smooth  scars.  Healing  continued  and  dense 
hair  grew  back  rapidly  Into  the  scars  by  5 weeks. 

Animals  were  reinfected  a few  weeks  or  months  following  spontaneous 
recovery  from  the  Initial  Infection  In  an  area  away  from  the  primary  scar 
(usually  In  the  opposite  flank).  Previous  Investigators  have  reported 
difficulty  In  reinfecting  the  skin  area  over  the  primary  lesion  (4).  Although 
secondary  lesions  underwent  a similar  sequence  of  disease  development,  Inflamni 
tlon  was  evident  within  24-48  hours,  most  lesions  appeared  to  peak  almost 


1 week  earlier  (day  5-7)  and  there  was  less  tissue  damage  (Table  1).  Also, 
some  animals  with  a secondary  Infection  had  a very  mild  erythema  which  never 
developed  Into  an  ulcerative  lesion.  The  lesion  variability  between  animals 
was  more  noticeable  during  secondary  Infection  than  during  primary  Infection. 

Fungal  Enumeration.  In  order  to  quantitate  the  growth  of  the  fungi  In 
the  lesion  sites  during  primary  and  secondary  Infection,  skin  samples  were 
excised,  homogenized  and  plated  out  to  measure  viable  fungi. 

Primary  cutaneous  T.  mentaqrophytes  Infections  were  Initiated  at  low  and 
high  challenge  levels  and  groups  or  animals  were  sacrificed  at  specified 
Intervals  for  skin  cultures  (Table  2).  At  a lower  challenge  level  (M(r), 
the  fungal  load  per  car  of  skin  Increased  during  the  first  week  after  Infec- 
tion, while  at  the  higher  challenge  level  (MO9)  there  was  a reduction  in 
the  viable  count  6 days  after  challenge.  Fungal  loads  peaked  at  10-10° 

CFU/cm  between  days  7-11  and  declined  during  the  next  2 weeks.  Low  levels 
of  organisms  were  Isolated  from  healed  lesion  scars  4 weeks  after  Infection 
(Table  2). 

Animals  were  reinfected  (cutaneous)  approximately  3 weeks  after  healing 
of  the  primary  lesion  site.  The  rechalienge  Infectious  dose  was  about  10 
CFU.  By  day  7,  the  fungal  load  had  decreased  (from  day  0)  and  was  about  1 
log  lower  than  the  fungal  load  observed  6 days  after  a high  (109)  primary 
challenge  (Table  2).  Unlike  the  primary  Infections,  CFU  of  T.  mentaqrophytes 
continued  to  decline  during  the  second  week  of  reinfection.  “By  day  14, 
colony  counts  from  reinfected  skin  were  1-2  logs  lower  (p  < 0.01)  than  those 
detected  14  days  after  a primary  Infection  (Table  2).  At  day  21  of  a reinfec- 
tion, viable  fungi  still  persisted  In  skin  at  levels  that  corresponded  to 
days  21  and  28  of  the  primary  Infections  (Table  2). 

In  Vitro  Blastoqenlc  Response  During  Primary  Infection.  In  order  to 
assess  the  induction  of  acquired-immunity,  SPC  and  LNC  were  Isolated  and 
cultured  In  vitro  with  two  specific  T.  mentaqrophytes  antigens  on  days  0,  7, 
14,  and  2Tfol  lowing  a cutaneous  Infection.  Polyclonal  T-  and  B-cell  mitogens 
were  Included  as  controls  to  monitor  the  ability  of  SPC  and  LNC  to  respond  to 
nonspecific  stimulation. 

Day  0 stimulations  (mean  log.Q  cpm)  were  those  of  lymphocytes  from 
guinea  pigs  that  were  shaved  and  infected  shortly  before  sacrifice  (Table  3). 
Only  minor  changes  (from  the  day  0 blastogenesls)  were  seen  In  the  mitogenic 
responses  SPC  and  LNC  after  1 week  of  Infection  (day  7,  Table  3). 

The  most  striking  result  obtained  by  testing  the  blastogenlc  response  of 
SPC  and  LNC  to  polyclonal  mitogens  during  the  primary  Infection  was  a signifi- 
cant depression  (p  < .01)  of  blastogenesls  on  day  14  of  the  Infection  at  the 
peak  of  fungal  load  and  tissue  damage.  This  depression  was  reflected  In  the 
response  of  both  SPC  and  LNC  and  was  at  least  a 1 log  decrease  In  cpms  for 
the  four  T-  or  B-cell  mitogens  tested  (Table  3).  As  the  lesions  healed,  all 
mitogenic  responses  Increased  toward  day  0 values  (Table  3). 

On  days  0,  7 and  14  neither  SPC  nor  LNC  manifested  a blastogenlc  response 
to  dermatophyte  antigens.  The  only  positive  blastogenlc  responses  to  dermato- 
phyte antigens  occurred  3 weeks  after  Initiation  of  the  primary  Infection  and 


There  was  no  significant 
In  vitro  proliferative  response  by  SPC  to  trlchophytln  antigen  on  any  day 
listed  during  a primary  Infection  (Table  3). 

In  Vitro  Blastoqenlc  Response  During  Secondary  Infection.  We  also 
measured  the  DMA  synthesis  of  SPt  and  LNc  during  reinfection  In  two  groups  of 
animals  that  had  recovered  from  a primary  T.  mentaqrophytes  Infection.  In 
the  first  experiment,  a group  of  animals  was  cutaneously  infected  6 months 
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after  clearance  of  the  primary  Infection  and  sacrificed  for  In  vitro  blasto- 
genesls  on  days  0,  7,  14,  and  21  (Table  4)  after  challenge. 

On  day  0,  the  SPC  and  LNC  responded  within  previously  observed  normal 
ranges  to  polyclonal  T-  and  B-cel 1 mitogens.  In  addition,  as  observed  on  day 
21  of  the  primary  Infection,  only  LNC  were  capable  of  responding  significantly 
to  both  trlchophytln  antigens  (Table  4). 

By  the  end  of  the  first  week.  It  was  evident  from  the  lesions  that  there 
was  a wide  range  of  biological  variability  In  the  animals'  response  to  rein- 
fection. Some  animals  had  mild,  but  erythematous  responses  (6/17),  while 
others  had  severe  bleeding  ulcerations  (11/17).  In  order  to  determine 
whether  these  different  macroscopic  lesions  correlated  with  a difference  In 
In,  vitro  blastogenlc  response,  a single  animal  from  each  group  (l.e. , erythema 
vs  ulceration)  was  sacrificed  on  day  7 after  reinfection  (Table  4).  Spleen 
cell  blastogenlc  responses  to  both  mitogens  and  antigens  were  similar  In  both 
animals;  however,  the  LNC  blastogenlc  responses  to  fungal  antigens  differed 
significantly.  Lymph  nodes  from  the  animal  with  the  severe  ulcerated  lesion 
responded  positively  to  the  fungal  antigens,  while  the  animal  with  a mild 
skin  lesion  had  no  significant  blastogenlc  response  to  the  same  antigen 
(Table  4).  Thus,  cutaneous  ulceration  seemed  to  correlate  with  a heightened 
blastogenlc  response  of  LNC  during  reinfection.  At  this  point,  we  suspected 
that  the  animals  with  mild  lesions  were  undergoing  a primary  Instead  of 
secondary  Infection,  but  they  never  developed  the  ulcerated  lesions  that  were 
typical  of  primary  dermatophyte  Infections. 

Animals  sacrificed  on  day  14  after  reinfection  had  especially  severe 
| . shin  lesions  and  they  also  had  LNC  blastogenlc  responses  to  fungal  antigens 

that  exceeded  day  0 values  by  over  1 log;  however,  no  dramatic  Increase  was 


Animals  sacrificed  on  day  21  after  reinfection  were  In  the  healing  phase 


animals  showed  no  significant  DNA  synthesis  In  the  presence  of  fungal  antigen 
(Table  4). 

In  an  attempt  to  control  the  large  degree  of  variability  observed  In  the 
previous  experiment,  another  group  of  12  guinea  pigs,  which  had  recently 
recovered  from  a primary  Infection,  was  skin  tested  with  soluble  trlchophytln 
antigen  (Table  5,  Exp.  1).  One  week  after  skin  testing,  all  animals  were 
cutaneously  reinfected  with  T.  mentaqrophytes  and  grouped  for  sacrifice  on 
the  basis  of  the  magnitude  o7  their  delayed  (24  hours)  skin  test  (DTH) 
reactivity  (Table  6). 

The  very  low  DTH  responders  were  sacrificed  on  day  0 and  they  manifested 
mitogenic  responses  that  were  within  previously  observed  normal  ranges  (Table  7, 
Group  1).  As  In  the  previous  reinfection  stu4y  (Table  4),  only  LNC  responded 
to  both  fungal  antigens. 

On  reinfection  day  7,  the  next  higher  group  (2a,  Table  7)  of  DTH  respond- 
ers was  sacrificed.  The  gross  lesions  In  this  group  of  low  DTH  responders 
were  mild  on  dey  7.  A marked  depression  In  the  ability  of  the  latter  animals' 
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LNC  to  proliferate  In  the  presence  of  polyclonal  T-  and  B-cell  mitogens  was 
observed  (Table  7,  Group  2a).  Also,  SPC  from  the  latter  group  manifested  a 
depressed  mitogenic  response  to  ConA  and  PHA. 

The  third  group  of  guinea  pigs,  sacrificed  14  days  after  challenge  and 


responses  (to  mitogens  and  fungal  antigens)  that  were  essentially  similar 
to  day  0 values.  The  mitogen-induced  blastogenesls  of  LNC  from  group  3a 
animals  (Table  7)  were  also  similar  to  day  0 values,  but  the  LNC  blastogenlc 


responses  to  fungal  antigens  were  decreased  to  Insignificant  levels  In  the 
presence  of  autologous  serum  (AS).  The  Inhibition  of  blastogensls  by  AS 
suggested  that  an  Inhibitory  factor  might  be  present  In  the  serum  of  derma- 
tophyte  Infected  guinea  pig. 

The  highest  DTH  responders  (Table  7,  Group  4a)  elicited  the  largest  and 
most  severe  secondary  lesions.  In  spite  of  early  lesion  severity,  rapid 
healing  (Indicative  of  an  accelerated  secondary  Infection)  commenced  much 
earlier  (day  II).  The  mitogenic  response  from  these  animals'  LNC  (Group  4a) 
was  nonspeclflcally  depressed  when  compared  to  day  0 control  values  and 
neither  soluble  nor  particulate  fungal  antigen  evoked  significant  Incorpora- 
tion of  [H] thymidine  In  the  presence  of  AS.  Thus,  there  was  no  clear  corre 
latlon  between  In  vivo  DTH  skin  test  reactivity  prior  to  reinfection  and 
positive  In  vitro  blastogenesls  to  fungal  antigens  during  reinfection. 
Evidence  That  Autologous  Serum  (AS)  Is  Able  To 
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ro.  in  the  previous  experiment,  SPC  and  LNC  were  co- 

cu i cured  in  tne  presence  of  51  FCS  or  AS  on  days  7,  14,  and  21  following 
reinfection  In  order  to  compare  directly  the  ability  of  guinea  pig  lympho- 
cytes to  respond  In  a culture  medium  with  either  heterologous  or  autologous 
serum  supplementation  (Table  71.  - 

On  reinfection  day  7 (Group  2b),  Incorporation  of  [JH]thym1d1ne  was 
significantly  Increased  In  unstlmulated,  mltogenlcally  stimulated  and  speci- 
fic antigen  stimulated  cultures  In  the  presence  of  FCS.  Whereas,  the  LNC 
responses  to  all  mitogens  were  significantly  Increased  In  FCS;  only  PWH  and 
LPS  blastogenesls  of  SPC  (Group  2b)  were  enhanced  by  FCS.  Dermatophyte 
antigens  (SOL  and  PART)  were  not  significantly  different  from  unstlmulated 
controls.  Indicating  a loss  of  antigen  specific  activity  during  the  first 
week  of  reinfection. 

On  reinfection  day  14  (Table  7,  Group  3b)  and  21  (Table  7,  Group  4b), 

FCS  did  not  Increase  the  baseline  Incorporation  of  [3H] thymidine  with  unstl- 
mulated SPC  or  LNC.  However,  the  LNC  responsiveness  to  both  soluble  and 
particulate  T.  mentagrophytes  antigen  was  "uncovered"  (p  < .01)  by  culturing 
In  FCS  Instead  of  As  supplemented  medium  (Group  3a  and  4a).  Certain  mito- 
genic responses  of  LNC  were  Increased  In  the  presence  of  FCS  (PWM  and  LPS), 
but  others  were  depressed  (day  14,  ConA).  When  cultured  In  FCS  supplemented 
medlimi,  spleen  cell  responses  (on  day  14)  were  generally  less  enhanced  than 
LNC.  ' 

Evidence  That  DTH  Skin  Test  Does  Not  Correlate  With  In  Vitro  Depression 
of  Lymphocyte  Reactl vi ty.  Since  the  capacity  of  LNC  to  respond  to  In  vitro- 
stimulation  with  specific  T.  mentagrophytes  anti gens  was  reduced  during  the 
first  week  of  reinfection  TTable  7),  the  following  experiment  was  designed  to 
determine  If  the  DTH  skin  test  response  In  vivo  was  similarly  depressed  at 
da y 7 following  reinfection. 

Another  group  of  guinea  pigs  was  cutaneously  Infected  with  T.  menta- 
grophytes and  skin  tested  about  1 week  following  clearance  of  the  primary 
lesions  (Table  5,  Exp.  2).  One  week  after  skin  testing,  all  animals  were 
shaved  and  cutaneously  reinfected.  On  day  7 of  the  secondary  Infection,  the 
animals  were  skin  tested  again  on  the  flank,  posterior  to  the  secondary 
lesion  (Table  5,  Exp.  3).  There  was  no  significant  change  In  the  ability  of 
these  animals  to  respond  with  DTH  to  Intradermal  Injection  of  soluble  T. 
mentagrophytes  while  undergoing  a secondary  Infection  (Table  7). 


DISCUSSION 


The  self-limiting  course  of  T.  mentagrophytes  Infection  In  Inexperienced 
guinea  pigs  has  been  reported  previously  (3,6,9).  We  observed  that  primary 
lesions  started  with  early  Inflammation  (day  5 after  Infection)  that  developed 
Into  open  bleeding  ulcerations  at  the  peak  of  Infection  (days  11-16).  This 
rapid  Inflammation  and  lesion  severity  was  most  likely  accounted  for  by  our 
repeated  In  vivo  passage  of  the  organism,  and  our  use  of  mycelial  Inocula 
rather  than  spores.  The  genesis  of  symptomatology  In  experimental  dermato- 
phytosls  has  been  suggested  to  be  due  to  active  mycelial  Invasion  of  the  area 
above  the  stratum  granulosum  (7),  and  a mycelial  Inoculum  would  be  expected 
to  Initiate  disease  more  rapidly  and  result  In  higher  fungal  load  prior  to 
host  sensitization  by  eliminating  the  time  and  conditions  required  for  the 
germination  of  spores. 

Although  other  Investigators  have  quantitated  the  spore  Inoculum  used  to 
Initiate  Infection  (8),  the  subsequent  fungal  growth  during  primary  Infection 
has  been  evaluated  only  by  microscopic  examination  or  by  qualitative  culturing 
of  skin  scrapings  (4,5,8).  Our  results  Indicate  that  It  Is  possible  to 
quantitatively  follow  fungal  proliferation  and  elimination  during  lesion 
development  by  homogenizing  and  culturing  Infected  skin.  The  main  limitation 
of  the  homogenization  technique  Is  that  the  morphology  of  the  cells  forming 
each  CFU  Is  not  known.  For  example,  arthrospore  or  mlcroaleurlospore  formation 
at  the  peak  of  Infection  might  result  In  an  Increased  number  of  colonies 
(CFU). 

The  time  course  of  the  developing  primary  lesions  closely  paralleled 
increasing  cutaneous  fungal  growth  (CFU).  Lesion  severity.  In  terms  of  gross 
tissue  damage,  occurred  at  the  same  time  as  the  peak  fungal  load  (day  14). 
Shortly  thereafter,  lesion  erythema  and  ulceration  decreased  and  healing 
began.  Viable  skin  fungi  (CFU)  also  declined  between  the  second  and  third 
week  of  primary  Infection.  Although  fungi  were  still  cultured  from  the  skin 
3-4  weeks  after  Initiation  of  Infection,  lesions  were  healing  and  there  was 
no  noticeable  erythmna.  These  observations  suggest  that  either  the  fungi  are 
Inactivated  following  serous  ulceration,  possibly  by  serum  Inhibitory  factors 
(2),  and  thus  prevented  from  further  producing  Inflamnatory  fungal  products, 
or  that  the  host's  Immu no regulatory  system  depresses  the  Immune  response  to 
the  persistent  fungal  antigens. 

The  correlation  between  lesion  development  and  fungal  enumeration 
during  reinfection  Is  less  clear.  Fungal  colonies  decreased  steadily  during 
the  first  3 weeks  of  reinfection,  while  macroscopic  lesions  peaked  In  severity 
after  1 week.  The  host's  response  to  the  reinfection,  characterized  by  rapid 
development  of  erythema,  was  not  capable  of  precluding  severe  ulcerations 
similar  to  those  observed  during  primary  Infection.  Thus,  reinfection  of 
guinea  pigs  resulted  In  an  accelerated  lesion  development  apparently  because 
the  presensitization  period,  observed  during  primary  Infection,  was  not 
present.  The  fact  that  no  clearcut  peak  fungal  load  corresponded  with  peak 
tissue  damage  Cdays  5-7)  during  reinfection  suggests  that  the  severity  of  the 
secondary  lesion  may  be  the  result  of  an  anamnestic  hypersensitivity  reaction. 

There  was  only  a single  attempt  reported  to  culture  lesions  during  a 
secondary  T.  mentagrophytes  Infection  of  guinea  pigs  (4),  and  the  organisms 
were  detected  only  by  direct  microscopic  examination.  Fungi  were  observed 
only  out  to  day  8.  Our  results  suggest  that  skin  homogenization  may  be  a 
more  sensitive  method  of  determining  fungal  persistence,  since  organisms  and 
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spores  have  been  reported  to  persist  In  deep  hair  follicles  (10).  It  Is 
Interesting  to  note  that  although  secondary  lesions  developed  more  rapidly 
and  peaked  about  1 week  earlier  than  after  primary  Inoculation,  there  were 
still  culturable  fungi.  In  skin,  on  days  14  and  21  after  reinfection. 

Specific  In  vitro  lympho  te  transformation  to  trlchophytin  was  demon- 
strated In  LNC  cultures  during  primary  and  secondary  Infection.  During 
primary  Infection,  a positive  response  was  not  detected  until  day  21.  These 
results  differed  from  those  of  Kerbs,  Greenberg  and  Jesranl  (9)  who  were  able 
to  demonstrate  In  vitro  responses  to  T.  mentaqrophytes  antigen  on  days  9,  11, 
13,  and  15  when  cultured  with  normal  guinea  pig  serum. 

Spleen  cells  did  not  respond  to  fungal  antigens  at  any  time  point  tested. 
Other  Investigators  have  interpreted  a similar  lack  of  spleen  cell  prolifera- 
tion to  antigen  In  vitro  as  evidence  for  a population  of  suppressor  cells 
(12).  In  llaht  of  the  depression  of  antigen  specific  blastogenesls  during 
reinfection  (Table  4,  day  21;  Table  7,  days  7,  14,  and  21),  It  Is  possible 
that  some  population  of  cells  Is  producing  a suppressor  factor  or  factors. 

This  does  not  exclude  the  possibility  that  suppressor  cells  may  also  be 
present  in  lymph  nodes,  just  that  those  In  the  spleen  predominate  In  vitro. 

During  reinfection,  the  only  classical  secondary  response  to  Tun gal 
antigen,  as  detected  by  blastogenesls  of  LNC  In  vitro,  was  on  days  7 and  14 
following  a 6 month  Interval  after  the  primary  Infection.  The  secondary 
lesions  that  developed  on  these  animals  were  severely  ulcerated.  Rather  than 
correlating  with  any  enhanced  Immunity,  these  Increased  In  vitro  LNC  proli- 
ferations were  Indicative  of  an  exaggerated  hypersensitivity  response  even 
though  fungal  colonies  were  decreasing  over  the  3 week  course  of  Infection. 

In  a second  reinfection  experiment,  none  of  the  animals  had  a blastogenlc 
response  to  fungal  antigen  significantly  greater  than  the  residual  sensi- 
tivity remaining  from  the  more  recent  primary  Infection  suggesting  the 
possibility  that  T.  mentaqrophytes- 1 nduced  Immunoregulatory  mechanisms  may 
deteriorate  over  Tlmel  Tne  apparent  absence  of  a classical  secondary  response, 
as  measured  by  DNA  synthesis  in  regional  lymph  nodes,  has  been  described 
previously  during  challenge  with  contact  agents  (1). 

The  decreased  response  of  both  SPC  and  LNC  to  polyclonal  T-  and  B-cell 
mitogens  during  Infection  and  reinfection.  Indicate  a pronounced  nonspecific 
depression  of  reactivity.  During  the  primary  Infection,  this  depression 
was  most  evident  on  day  14  which  correlated  well  with  the  peak  fungal  load 
and  lesion  ulceration.  During  reinfection.  It  occurred  1 week  earlier  (day 
7)  which  also  correlated  timewise  with  peak  Inflammation,  but  not  peak 
fungal  load. 

Various  hypotheses  have  been  proposed  to  explain  the  activation  and 
expression  of  Immune  suppression.  Asherson  and  Zembala  (1)  have  postulated 
a feedback  mechanism  In  which  suppressor  cells  respond  to  an  antigen  overload 
Interacting  with  sensitized  lymphocytes.  Turk,  Polak  and  Parker  (19)  have 
proposed  that  Immunoregulatlon  Is  designed  to  balance  effector  function  In 
order  to  preclude  systemic  tissue  damage. 

Data  presented  on  culturing  both  SPC  and  LNC  with  FCS  provide  strong 
evidence  that  both  antigen  specific  and  nonspecific  suppressor  factors  are 
present  In  the  AS  during  reinfection.  It  would  be  reasonable  to  assume  that 
the  differences  observed  In  vitro  with  our  LNC  cultures  from  those  by  Kerbs 
et  el.  (9)  during  prlmaryTnfection  might  be  due  to  their  reported  use  of 
normal  guinea  pig  senmi.  The  use  of  FCS  resulted  In  Increased  responses  to 
polyclonal  mitogens  and  also  uncovered  significant  DNA  synthesl'  of  LNC  to 
both  fungal  antigens  on  days  14  and  21  of  reinfection.  Halters  et  al..  (30) 
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reported  the  presence  of  serum  factors  which  specifically  blocked  lymphocyte 
reactivity  In  vitro  In  patients  chronically  Infected  with  dermatophytosls. 

Our  experiments  support  a hypothesis  that  a host-immune  response  Is  required 
to  resolve  these  Infections;  an  exaggerated  or  premature  production  of  serum 
inhibitory  factors  r 'ght  be  able  to  Interfere  with  this  apparent  acquired- 
immunity. 

Generally,  suppression  of  cell -mediated  Immunity  during  fungal  Infec- 
tions Is  detected  by  a lack  of  skin  test  reactivity  or  anergy  asso  Mated  with 
chronic  or  progressive  infection  (15).  Our  data  Indicated  that  the  depressed 
in  vitro  responses  measured  on  day  7 of  reinfection  do  not  correlate  with  a 
sTmilar  depression  of  Intradermal  DTH.  Thus,  the  Intradermal  skin  test 
response  alone  did  not  fully  reflect  the  host's  capacity  to  respond  to  fungal 
antigens  during  active  Infection. 

The  results  of  the  experiments  presented  in  this  paper  support  the 
hypothesis  of  Sulzberger  (16)  that  dermatophytosls  Is  primarily  a hyper- 
sensitivity disease  which  results  In  local  tissue  damage.  This  hypersensi- 
tivity may  also  be  Integrally  required  for  Inactivation  of  the  fungi  and 
resolution  of  the  disease.  The  early  erythema  observed  during  primary  Infec- 
tion (days  5-9),  prior  to  detectable  systemic  sensitization  of  the  host, 
raises  the  possibility  of  a primary  Irritant  or  toxic  effect  of  the  fungal 
antigens  which  later  result  In  sensitization  of  the  host.  The  rapid  inflamma- 
tion, which  developed  upon  cutaneous  reinfection  was  compatible  with  biological 
contact  sensitivity.  It  was  difficult  to  assess,  however,  precisely  when 
this  contact-like  sensitivity  first  Influenced  the  primary  lesion. 

Our  results,  also.  Indicated  that  pronounced  nonspecific  and  specific 
suppression  of  lymphocyte  transformation  occurred  during  the  course  of 
primary  and  secondary  Infection  with  T.  mentagrophytes  and  this  suppression 
was  related  to  Inhibitory  serum  factors.  How  thl s observed  suppression  In 
vitro  relates  to  the  resolution  of  the  infection  and  regulation  of  host- 
immunity  In  vivo  requires  further  Investigation. 
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Table  1.  Stages  In  the  development  and  resolution  of  gross  lesions  during 
primary  and  secondary  cutaneous  T.  mentagrophytes  Infection  In  guinea  pigs 


Primary 

Secondary 

ERYTHEMA/SPREADIN6 

5-8* 

1-7 

SCALING  (24*48  Hours) 

9-12 

4-7 

SEROUS  ULCERATION  (24  Hours) 

11-16 

5-7 

CRUST/SCABS 

12-19 

6-11 

SCAR/ALLOPECIA 

18-25 

10-19 

*D«ys  postlnoculatlon. 
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Table  2.  Viable  colony  forming  units/cm2  skin  (CFU)  of  T.  mentagrophytes 
during  primary  or  secondary  cutaneous  Infection 


Day  Day 

0 6 

Day 

7 

Day 

11 

Day 

14 

Day 

17 

Day 

A . 

Day 

28 

Primary 

(lorn) 

2.00(.22)a  N.D.b 

5.19(.23) 

N.D. 

4.45(.27) 

N.D. 

2.32( . 31) 

N.D. 

Primary 

(high) 

4.98(.04)  4. 19( . 25) 

N.D. 

6.25(.13)  N.D. 

4.90(.30) 

N.D. 

1.72(.64) 

Secondary 

4. 22 ( . 22 ) N.D. 

3.11(.31) 

N.D. 

2.39(.49) 

N.D. 

1.87(.75) 

N.O. 

aMean  log1Q  CFU  (S.E.). 
bNot  determined. 
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Table  3.  Effect  of  a primary  T.  reentagrophvtes  Infection  on  the  blastogenlc 
response  of  guinea  pig  spleen  (SPC)  or  lymph  node  cells  (LNC) 


Mitogen  or 

Response  of  SPC  After  Primary  Infection 

Antigen 

Day  0 (6)a 

toy  7 (6) 

Day  14  (6) 

toy  21  (6) 

Unstlmulated 

2.78  (.ll)b 

3.06  (.10) 

2.64  (.35) 

3.23  (.15) 

PHA 

4.58  (.31) 

4.44  (.53) 

3.35  (.63)d 

4.68  (.26) 

CON  A 

5.02  (.25) 

4.63  (.62) 

3.29  (.50)d 

4.84  (.25) 

PUM 

3.93  (.15) 

4.26  (.68) 

2.97  (.51)d 

3.97  (.58) 

LPS 

3.22  (.42) 

3.49  (.42) 

2.74  (.27)d 

3.29  (.29) 

SOL  A6 

2.94  (.30) 

3.24  (.45) 

2.84  (.38) 

3.24  (.25) 

PART  AG 

2.85  (.44) 

3.41  (.43) 

2.94  (.40) 

3.20  (.30) 

Mitogen  or 

Response  of  LNC  After  Primary  Infection 

Antigen 

OwO  (3) 

toy  7 (3) 

toy  1«  (3) 

Day  21  (3) 

Unstlmulated 

2.35  (.21) 

2.34  (.14) 

2.17  (.17) 

2.34  (.15) 

PHA 

4.91  (.13) 

4.66  (.56) 

2.85  (.70)d 

4.79  (.09) 

CON  A 

4.87  (.30) 

4.91  (.19) 

\d 

2.91  (1.09* 

4.48  (.40) 

PUM 

4.67  (.59) 

4.35  (.66) 

2.41  (1.02)d 

4.68  (.13) 

LPS 

3.05  (.16) 

2.90  (.39) 

2.26  (.30)d 

2.94  (.44) 

SOL  AG 

2.82  (.37) 

2.55  (.22) 

2.40  (.10) 

3.07  C.40)c 

PART  AG 

2.53  (.36) 

2.44  (.13) 

2.23  (.44) 

3-47  (.34)c 

“Number  of  animals  tested. 

bNean  log1Q  cpm  (Standard  Deviation). 

Values  differ  significantly  from  unstlmulated  value:  (p  < .01). 


Values  depressed  significantly  with  respect  to  days  0,  7 and  21  (p  < .01). 
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Table  4.  Effect  of  a secondary  T.  mentagrophytes  Infection  on  the  blastogenlc 
response  of  guinea  pigs  spleen  (SPC)  and  lymph  node  cells  (LNC).  Infection 
was  Initiated  about  six  months  following  clearance  of  a primary  Infection 


Mitogen  or 

SPC  Response  After  Secondary  Infection 

Antigen 

Day  0 (3)*  Day  7 (2)  Day  14  (3)  Day  21  (2) 

Unstimulated 

3.27  (.46) 

2.80/2.77 

3.23  (.08) 

3.46/3.09 

PHA 

4.64  (.22) 

4.25/3.67 

4.35  (.22) 

4.76/4.39 

CON  A 

4.69  (.41) 

4.37/3.83 

4.21  (.21) 

5.01/4.49 

PWM 

3.70  (.41) 

3.36/3.81 

4.62  (.32) 

4.25/4.02 

LPS 

3.46  (.56) 

2.47/2.64 

3.34  (.36) 

3.49/3.71 

SOL  AG 

3.23  (.45) 

2.90/2.99 

3.33  (.20) 

3.44/3.06 

PART  AG 

3.36  (.34) 

2.86/2.94 

3.54  (.38) 

3.25/2.84 

Mitogen  or 

LNC  Response  After  Secondary  Infection 

Antigen 

SM.JU3). 

Day  7 (2) 

Day  14  (3) 

Day  21  (2 

Unstimulated 

PHA 

CON  A 

PWM 

LPS 

SOL  AG 
PART  AG 


2.62  (.01) 
4.67  (.11) 
4.13  (1.29) 
3.35  (.76) 
2.75  (.28) 
2.92  (,19)c 


PART  AG  3.16  (.63V 


^Number  of  animals  tested. 


2.89/2.42 

4.40/3.81 

4.33/3.74 

4.95/4.08 

3.70/2.38 

4.44c/2.60 

4.71c/2.69 


2.83  (.20) 
4.32  (.71) 
4.09  (.14) 
4.94  (.16) 
3.43  (.15) 


2.30/2.37 

4.86/4.20 

4.51/2.84 

3.96/3.32 

3.54/3.56 


3.49  (.21)c  2.85/2.86 


4.27  (.29) 


3.16/2.67 


Sean  log10  cpm  Incorporated  (Standard  Deviation). 

Significant  Increase  over  unstimulated  control  cells  (p  > .01). 
dEach  animal  reported  Individually  (mean  1og10  cpm). 


Table  6.  Cutaneous  DTH  (24  hr)  skin  test  reactivity  to  soluble  trlchophytln 
antigen  one  Meek  prior  to  reinfection. 


"Mean  and  Standard  Error  of  three  guinea  pigs  per  group 


Sacrifice  groups  correspond  to  anlaals  In  Table  7 


Skin  test 

(»b 

(2) 

(3) 

(4) 

Response 

P 1.9. 

08JL2 

Day  14 

Day  21 

Erytheaa  (ms) 

8.33  (.70)* 

11.0  (.82) 

13.17  (.68) 

16.0  (1.42) 

Induration  (m) 

.40  (.06)* 

.50  (.15) 

1.00  (.38) 

1.77  (.35) 
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DM*  7.  Effect  *f  a ■ uoa  in  $ £.  wtiwfecw  lafecttoa  aa  th*  bUstogaatc  ntpoM*  ef  gains*  pig  iglaam  (SK) 
mi  Ijfefc  Mfe  calls  (UK)  ccltaraC  la  beat  1a*ctlwte4  Autologous  sana  (AS)  or  fetal  calf  sera*  (FCS) 


la 

toJLUSL 


m Af 


la 

»>  I«  («) 


lb 

trea 


4a 

p»j  n t«i 


»> » (*» 


iw  0 (All* 


CO  (.30) 
L07  (.55) 

«.» (.at) 

1.70  (.40) 

los(.ii) 

LOS  (.04) 
1.75  (.00) 


ttttm  toJJBSL  VnUFS)  lowwi  to  11  (ml  P»/.ai*a  »rH  tfgl 


1.40 

<.U) 

2.7* 

(.13)* 

LU 

Ife 

eta 

0 

LSO 

(.04) 

1.74 

(.33) 

LOO 

(12) 

7.73 

(•*) 

1.37 

(-25) 

LU 

(.14) 

L40 

(.37) 

LU 

(.07) 

4.U 

(.»)* 

lU 

(•») 

LSI 

(•33) 

4.00 

(.») 

LU 

(.»)f 

LU 

(1.0D 

1.00 

(.01) 

LS 

(•M) 

3.M 

(•*)* 

L30 

(.17) 

L43 

(.11) 

LOO 

(.40) 

L34 

(.17) 

MO 

(A) 

LU 

(.*< 

LU 

(.00) 

LU 

(.00)* 

LU 

(.11) 

1.75 

(.17) 

*.» 

(.47) 

LU 

IM)4 

LS4 

(.14) 

LS7 

(.07) 

LU 

(.31) 

1.07 

(.10) 

1.41 

(.40) 

LOO 

isn4 

L04 

(.11) 

LU 

(.01) 

LU 

urn 

L70 

(.U) 

al  calf  sarw  (S3). 


ip  * .01). 
re*  {p  < .01). 


"1/3  Astasia  slf* I fleas I 


(0  « .01). 


I (p  « .01). 
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